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Description

TECHNICAL FIELD

[0001] The present invention relates to a gas engine
that makes effective use of natural gas, biogas, or meth-
ane gas emitted from a coal mine or the like as intake
gas or fuel.

BACKGROUND ART

[0002] The world’s interest in restrictions on emissions
of green house gases such as methane (CH4) and CO2
has been increasing over the years. Methane, in partic-
ular, is 21 times more potent than CO2 in driving the global
warming, and therefore methane emissions to atmos-
phere must not be left unnoticed. In the meantime, a large
amount of methane, as much as 10 to 40 Nm3 (pure
methane) per ton of coal, is being released during coal
mining from a coal mine.
[0003] Coal mines emit two types of methane gas:
CMM (Coal Mine Methane) gas (with a concentration of
about 20 to 50 wt%) existing in and recovered from coal
seams through degassing bore holes using vacuum
pumps for safety reasons, and VAM (Ventilation Air Meth-
ane) gas (with a concentration of less than 1 wt%) re-
leased through venting from the mine tunnels and the
coal face.
[0004] Therefore, effective use of the methane con-
tained in the gases emitted from coal mines by capturing
it before it is released to atmosphere will make significant
economic and social contributions.
[0005] Patent Document 1 discloses a gas turbine ca-
pable of making use of gases with a methane concen-
tration of below the explosion limit, such as landfill gas
produced in the landfill, or the gases emitted from coal
mines as noted above, as fuel.
[0006] Patent Document 2 discloses a gas engine for
power generation using methane gas emitted from a coal
mine as fuel. The gas engine power generating facility
disclosed in Patent Document 2 will be described below
with reference to FIG. 7. FIG. 7 is a schematic illustration
of a coal mine CM and a gas engine power generating
facility 200 built near the coal mine CM. In FIG. 7, inside
the coal mine CM are layers of coal seams C0 and the
coal seam being mined C1. A ventilation hole 206 is pro-
vided for communicating the inside of the coal mine with
the outside.
[0007] In the coal face 204 of the coal mine, degassing
bore holes 208 are drilled in the coal seam being mined
C1, and CMM gas emitted from the bore holes 208 is sent
to the gas engine power generating facility 200 through
a pipe 210 disposed inside the ventilation hole 206 by
means of a vacuum pump 211. VAM gas b emitted from
the coal mine through the ventilation hole 206 is sent to
the gas engine power generating facility 200 through a
pipe 212. Electric power E and steam S generated
through operation of the gas engine power generating

facility 200 are sent to a utility facility 202 in the mine
premises or further to other consumers.

Patent Document 1: Japanese Patent Application
Publication No. 2010-19247
Patent Document 2: U.S. Patent Application Publi-
cation No. 2005/0205022

[0008] Gas engines that use methane gas as fuel are
an internal combustion engine expected to be used wide-
ly in future because of their advantage that they cause
very little environmental pollution. However, the amount
of methane emissions from a coal mine varies largely
depending on the time, and therefore how to maintain a
stable amount of supply to the gas engine is an issue to
be addressed.
[0009] The air-fuel mixture ratio, or an excess air ratio,
needs to be maintained at an optimal level in order to
reduce the concentration of NOX in the exhaust gas or
for other reasons. Maintaining a predetermined excess
air ratio, however, is not easy because of the large var-
iations in the amount of methane emissions from a coal
mine as mentioned above.
[0010] In a gas engine, the temperature of gas mixture
supplied to the combustion chamber has to be kept in a
constant range of from 40 to 45°C, as otherwise there is
a possibility of abnormal combustion such as knock or
the like. For this reason, the intake gas having higher
pressure and temperature after passing through a turbo-
charger is kept in a constant temperature range by a
charge air cooler (intercooler). With the use of the meth-
ane gas emitted from a coal mine, however, it is not easy
to control the temperature of the gas mixture supplied to
the combustion chamber because of the large variations
in the amount of methane gas and performance limita-
tions of the intercooler.
EP2143930 discloses a control method of gas engine
system and that system.

DISCLOSURE OF THE INVENTION

[0011] In view of such problems in the conventional
techniques, an object of the present invention is to enable
a power generating gas engine that uses methane gas
as fuel to maintain an optimal excess air ratio to reduce
NOX emissions, and to control to stably keep an optimal
excess air ratio even though there are variations in the
amount of methane gas.
[0012] Another object is to allow optimal control of the
temperature of gas mixture supplied to the combustion
chamber to prevent abnormal combustion such as knock
or the like, and to allow stable temperature control of the
gas mixture supplied to the combustion chamber even
though there are variations in the amount of methane gas.
[0013] To achieve these objects, the gas engine of the
present invention is defined by claim 1 and includes:

a generator coupled to an output shaft of the engine;
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an intake passage to which a low-concentration
methane gas derived from mine venting is supplied;
a gas mixing unit mixing a high-concentration meth-
ane gas to the low-concentration methane gas mid-
way of the intake passage, so that a gas mixture of
the low-concentration methane gas and the high-
concentration methane gas is supplied to and burnt
in a combustion chamber;
a turbocharger provided in the intake passage up-
stream of the gas mixing unit; an air mixing part pro-
vided in the intake passage upstream of the turbo-
charger and mixing air with the low-concentration
methane gas; a mixture ratio adjusting unit adjusting
a mixture ratio of the low-concentration methane gas
and the air in the air mixing part; and an intake con-
troller controlling the mixture ratio adjusting unit to
keep the temperature or flow rate of intake gas flow-
ing into the turbocharger in a predetermined range.

[0014] The apparatus of the present invention enables
use of VAM gas emitted from a coal mine through venting
as the low-concentration methane gas, and use of CMM
gas emitted from the coal mine as the high-concentration
methane gas, whereby emissions of methane, which is
a greenhouse gas, from a coal mine to atmosphere can
be reduced. The effective use of VAM gas produced
through venting allows the consumption of fuel gas of the
gas engine to be reduced. Namely, the consumption of
the high-concentration methane gas can be reduced.
[0015] Applicable examples of the high-concentration
methane gas supplied to the gas engine include the CMM
gas, natural gas, biogas, by-product gas exhausted from
plants and the like, and landfill gas.
[0016] The intake controller controls the mixture ratio
adjusting unit to adjust the mixture ratio of the low-con-
centration methane gas and the air so that the tempera-
ture or flow rate of intake gas flowing into the turbocharger
is kept in a constant range. Thus the excess air ratio can
be controlled to be stable by the turbocharger, and the
gas mixture temperature can be controlled to be stable
by the intercooler provided downstream of the turbo-
charger. Accordingly, even when there are variations in
the amount of methane gas, the excess air ratio and the
gas mixture temperature can be controlled to optimal val-
ues speedily and precisely, so that combustion can be
maintained stable.
[0017] The mixture ratio adjusting unit may be formed
by flow rate control valves or the like provided in inlet
passages of air and VAM gas, for example, so that the
mixture ratio of air and VAM gas in the intake passage
can be controlled by adjusting the degrees of opening of
these valves.
[0018] The apparatus of the present invention further
includes a bypass passage arranged in parallel with a
turbine of the turbocharger that is disposed in an exhaust
passage, the bypass passage allowing part of exhaust
gas to bypass the turbine; an exhaust gas flow rate con-
trol valve controlling flow rate of the exhaust gas in the

bypass passage; and a turbocharger controller control-
ling the exhaust gas flow rate control valve to control
operation of the turbocharger, wherein the turbocharger
controller controls flow rate of the intake gas passing
through the turbocharger such that the gas mixture is
supplied to the combustion chamber with a target excess
air ratio.
[0019] The turbocharger controller controls the flow
rate of the intake gas passing through the turbocharger,
so as to achieve a target excess air ratio of the gas mix-
ture supplied to the combustion chamber. The intake con-
troller controls the temperature or flow rate, or both the
temperature and flow rate, of the intake gas flowing into
the turbocharger to be within a constant range in ad-
vance. Therefore, even when there are variations in the
amount of methane gas, the excess air ratio can be con-
trolled to an optimal value speedily and precisely, through
the control of the excess air ratio by the turbocharger and
through the temperature control by the intercooler pro-
vided downstream of the turbocharger, so that combus-
tion can be maintained stable.
[0020] In the apparatus of the present invention, the
intake controller includes an intake gas temperature con-
trol unit, and the intake gas temperature control unit con-
trols the mixture ratio adjusting unit to adjust the mixture
ratio of the low-concentration methane gas and the air
to keep the intake gas in the intake passage upstream
of the turbocharger in a constant temperature range that
allows stable control by the turbocharger controller to
achieve the target excess air ratio.
[0021] The temperature may be kept in a constant
range of 20 to 25°C, for example, for the turbocharger
controller to control the excess air ratio to a target value
in a stable manner. Thereby, even when there are vari-
ations in the amount of methane gas, the temperature of
the intake gas flowing into the turbocharger is made sta-
ble, so that the turbocharger controller can control the
excess air ratio stably, and the intercooler downstream
of the turbocharger can control the gas mixture temper-
ature stably. Thus adequate emission performance (such
as NOX emissions, etc) can be achieved, and the engine
performance can be fully exploited without the possibility
of abnormal combustion such as knock or the like.
[0022] In addition to the above configuration, the ap-
paratus may further include a target excess air ratio cor-
recting unit correcting the target excess air ratio, so that
the target excess air ratio is changed by the target excess
air ratio correcting unit when the intake gas flowing into
the turbocharger cannot be controlled to stay in the con-
stant temperature range despite the control of the mixture
ratio of the low-concentration methane gas and the air
by the intake gas temperature control unit.
[0023] Even though the mixture ratio of the low-con-
centration methane gas and the air is adjusted by the
intake controller, the intake gas temperature may some-
times be uncontrollable depending on the temperature
of VAM gas or air. When this happens, the target excess
air ratio correcting unit corrects the target excess air ratio
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to a value appropriate for the operation at temperatures
outside of the preset range, to allow the gas engine to
operate with the corrected target excess air ratio. The
target excess air ratio λ is corrected from λ = 2.0 to λ =
1.9, for example, with which the gas engine is controlla-
ble, so that the gas engine can run stably.
[0024] In the apparatus of the present invention, the
intake controller may include an intake gas flow rate con-
trol unit, and the intake gas flow rate control unit may
control the mixture ratio adjusting unit to keep the flow
rate of the intake gas upstream of the turbocharger in a
constant range that allows stable control by the turbo-
charger controller to achieve the target excess air ratio.
[0025] Thereby, even when there are variations in the
amount of methane gas, the amount of the intake gas
flowing into the turbocharger is made stable, so that the
excess air ratio can be made closer to a target value by
the turbocharger controller swiftly and precisely.
[0026] In the apparatus of the present invention, the
mixture ratio adjusting unit may be controlled such that
the low-concentration methane gas is supplied to the air
mixing part always with a maximum permissible flow rate.
[0027] This allows maximum use of VAM gas as fuel
of the gas engine, so that the methane emissions to at-
mosphere can be minimized. The effective use of VAM
gas produced through venting allows the consumption
of fuel gas of the engine to be reduced. Namely, the con-
sumption of the high-concentration methane gas can be
reduced.
[0028] The apparatus of the present invention may be
configured to allow part of the high-concentration meth-
ane gas to be supplied to the intake passage upstream
of the turbocharger and downstream of the air mixing
part.
[0029] As the high-concentration methane gas is divid-
ed and supplied to the intake passage downstream and
upstream of the turbocharger, the associated devices
such as control valves that form the gas mixing unit mid-
way of the intake passage for mixing the high-concen-
tration methane gas can be divided and arranged at re-
spective positions. The respective devices can be made
small and lightweight as they are arranged at separate
positions. As the associated devices such as control
valves can be made small and lightweight, the problem
of installation space can be resolved, and the component
cost can be reduced.
[0030] The apparatus of the present invention is a gas
engine including a generator coupled to an output shaft
of the engine, an intake passage to which a low-concen-
tration methane gas derived from mine venting is sup-
plied, and a gas mixing unit mixing a high-concentration
methane gas to the low-concentration methane gas mid-
way of the intake passage, so that a gas mixture of the
low-concentration methane gas and the high-concentra-
tion methane gas is supplied to and burnt in a combustion
chamber. The gas engine further includes a turbocharger
provided in the intake passage upstream of the gas mix-
ing unit, an air mixing part provided in the intake passage

upstream of the turbocharger and mixing air with the low-
concentration methane gas, a mixture ratio adjusting unit
adjusting a mixture ratio of the low-concentration meth-
ane gas and the air in the air mixing part, and an intake
controller controlling the mixture ratio adjusting unit to
keep the temperature or flow rate of intake gas flowing
into the turbocharger in a predetermined range. The ap-
paratus of the present invention enables use of VAM gas
derived from mine venting as the low-concentration
methane gas, and use of CMM gas emitted from the coal
mine as the high-concentration methane gas, whereby
emissions of methane, which is a greenhouse gas, from
a coal mine to atmosphere can be reduced. The effective
use of VAM gas produced through venting allows the
consumption of fuel gas of the gas engine to be reduced.
Namely, the consumption of the high-concentration
methane gas can be reduced.
[0031] The intake controller may control the mixture
ratio adjusting unit to control the temperature or flow rate
of intake gas flowing into the turbocharger by adjusting
the mixture ratio of air and VAM gas.
[0032] As the temperature or flow rate of intake gas
flowing into the turbocharger is controlled in advance to
be within a constant range, the excess air ratio can be
controlled to be stable by the turbocharger, and the gas
mixture temperature can be controlled to be stable by
the intercooler provided downstream of the turbocharger.
Accordingly, even when there are variations in the
amount of methane gas, the excess air ratio and the gas
mixture temperature can be controlled to optimal values
speedily and precisely, so that combustion can be main-
tained stable.

BRIEF DESCRIPTION OF THE DRAWINGS

[0033]

FIG. 1 is a configuration diagram according to a first
embodiment of the apparatus of the present inven-
tion;
FIG. 2 is a cross-sectional view of a combustion cyl-
inder of the gas engine in the first embodiment;
FIG. 3 is a flowchart illustrating the control procedure
of the gas engine in the first embodiment;
FIG. 4 is a block diagram of an engine controller ac-
cording to a second embodiment of the apparatus
of the present invention;
FIG. 5 is a flowchart illustrating the control procedure
of the gas engine in the second embodiment;
FIG. 6 is a configuration diagram according to a third
embodiment of the apparatus of the present inven-
tion; and
FIG. 7 is a schematic diagram of a gas engine power
generating facility built near a coal mine.

BEST MODE FOR CARRYING OUT THE INVENTION

[0034] The illustrated embodiments of the present in-
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vention will be hereinafter described in detail. It should
be noted that, unless otherwise particularly specified, the
sizes, materials, shapes, and relative arrangement or the
like of constituent components described in these em-
bodiments are not intended to limit the scope of this in-
vention.

(Embodiment 1)

[0035] A first embodiment of the apparatus of the
present invention will be described with reference to FIG.
1 to FIG. 3. The power generating gas engine of this
embodiment is installed near a coal mine, and uses meth-
ane gas emitted from the coal mine as fuel gas and intake
gas. In FIG. 1, the power generating gas engine 10 in-
cludes an engine body 12 having a plurality of (four in
FIG. 1) combustion cylinders, inside which combustion
chambers are formed, and a generator 16 coupled to an
output shaft 14 of the engine body 12.
[0036] An air mixing chamber (air mixing part) 20 is
provided upstream of an intake pipe 18 connected to the
engine body 12. An air inlet pipe 22 and a VAM gas inlet
pipe 24 are connected to the air mixing chamber 20. Air
a is introduced into the air inlet pipe 22, while VAM gas
b emitted through venting from the coal mine is intro-
duced into the VAM gas inlet pipe 24. VAM gas is a meth-
ane-containing gas emitted through venting from the
mine tunnels and the coal face of the coal mine, and
contains methane with a diluted concentration of less
than 1 wt%. The air mixing chamber 20 contains gas/air
mixture d, which is a mixture of air a and VAM gas b.
[0037] Flow rate control valves 26 and 28 are inter-
posed in the air inlet pipe 22 and VAM gas inlet pipe 24,
respectively, their degrees of opening being controlled
by an engine controller (intake controller) 90A. The mix-
ture ratio of the gas/air mixture d inside the air mixing
chamber 20 is adjusted by controlling the degrees of
opening of the flow rate control valves 26 and 28. A com-
pressor 32 of a turbocharger 30 is provided to the intake
pipe 18 downstream of the air mixing chamber 20. The
compressor 32 is coupled to a turbine 34 provided to an
exhaust pipe 62 to be described later via a rotating shaft
36, for compressing the gas/air mixture d to be supplied
to the combustion cylinders of the engine body 12.
[0038] A charge air cooler (intercooler) 38 is provided
downstream of the turbocharger 30. Cooling water w is
introduced to this intercooler 38, so that intake gas that
has passed through the turbocharger 30 is cooled down
by heat exchange with this cooling water w, after which
the gas is supplied to the respective combustion cylinders
56a to 56d via a common intake pipe 40 and intake branch
pipes 42a to 42d. Temperature control of the intake gas
by the intercooler 38 is controlled by the engine controller
90A.
[0039] Meanwhile, CMM gas c released from the coal
mine is supplied to the engine body 12 via a fuel gas
supply pipe 44. CMM gas c is a methane-containing gas
that exists in coal seams and is recovered from degassing

bore holes 208 by a vacuum pump 211 as shown in FIG.
7 for safety reasons, and contains a high concentration
of about 20 to 50 wt% of methane. To the fuel gas supply
pipe 44 are interposed a buffer tank 46, a flow rate control
valve 48, and a gas compressor 50, from the upstream
side in this order. The degree of opening of the flow rate
control valve 48 is controlled by the engine controller 90A.
[0040] The fuel gas supply pipe 44 is divided into four
fuel branch pipes 52a to 52d, which are respectively con-
nected to the intake branch pipes 42a to 42d.
[0041] CMM gas c sent to the fuel gas supply pipe 44
is compressed by the gas compressor 50, and supplied
to the intake branch pipes 42a to 42d via the fuel branch
pipes 52a to 52d. The gas/air mixture d and CMM gas c
are pre-mixed inside the intake branch pipes, and this
gas mixture is supplied to the respective combustion cyl-
inders 56a to 56d as fuel gas g (see FIG. 2). Flow rate
control valves 54a to 54d are respectively provided to
the fuel branch pipes 52a to 52d, their degrees of opening
being controlled by the engine controller 90A. The flow
rate control valves 54a to 54d constitute a gas mixing
unit that forms connecting parts of the fuel branch pipes
52a to 52d to the intake branch pipes 42a to 42d.
[0042] Exhaust branch pipes 58a to 58d are respec-
tively connected to the head parts of the combustion cyl-
inders 56a to 56d. The exhaust branch pipes 58a to 58d
are connected to a common exhaust pipe 60, which is
further connected to an exhaust pipe 62. The turbine 34
of the turbocharger 30 is provided in the exhaust pipe
62. Exhaust gas e coming out from the respective com-
bustion cylinders 56a to 56d is exhausted through the
exhaust branch pipes 58a to 58d, common exhaust pipe
60, and exhaust pipe 62. A bypass pipe 64 bypassing
the turbine 34 is connected to the exhaust pipe 62, and
a flow rate control valve 66 is interposed in the bypass
pipe 64. The degree of opening of the flow rate control
valve 66 is controlled by the engine controller 90A.
[0043] Next, the structure of the head parts of the com-
bustion cylinders 56a to 56d of the engine body 12 will
be described with reference to FIG. 2. In FIG. 2, a piston
70 reciprocates inside each of the combustion cylinders
56a to 56d. A recess 70a is cut in the upper face of the
piston 70, and a main combustion chamber m is formed
above this recess 70a. An injector case 72 is mounted
in the center on the upper face of each of the combustion
cylinders 56a to 56d. An injector 76 is mounted inside
the injector case 72, and a sub chamber s is formed below
the injector 76. A conduit 78 extending through the injec-
tor case 72 is connected to the injector 76, so that pilot
fuel p is supplied into the injector 76 through the conduit
78.
[0044] In the upper face of the combustion cylinder on
both sides of the injector case 72 are provided an intake
port communicating with a corresponding one of the in-
take branch pipes 42a to 42d and an exhaust port com-
municating with a corresponding one of the exhaust
branch pipes 58a to 58d. There are provided an intake
valve 80 for opening and closing the intake port, and an
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exhaust valve 82 for opening and closing the exhaust
port. An exhaust gas temperature sensor 84 is provided
in each of the exhaust branch pipes 58a to 58d for de-
tecting the temperature of the exhaust gas. Measure-
ments by the exhaust gas temperature sensors 84 are
sent to the engine controller 90A.
[0045] CMM gas c is added to the gas/air mixture d
flowing in the intake branch pipes 42a to 42d from the
fuel branch pipes 52a to 52d so that they are pre-mixed
to form a fuel gas g, which is supplied from the intake
ports into the combustion cylinders 56a to 56d. The fuel
gas g inside the combustion cylinder is compressed by
the piston 70, and the highpressure, high-temperature
gas enters the sub chamber s through injection holes 74
drilled in the bottom of the injector case 72. Meanwhile,
pilot fuel p is injected from the injector 76 into the sub
chamber s, and ignites the highpressure, high-tempera-
ture fuel gas g. Flames thus generated inside the sub
chamber s propagate through the holes 74 drilled in the
bottom of the injector case 72 to the main combustion
chamber m and the flames f spread in the main combus-
tion chamber m.
[0046] The fuel gas g expands inside the main com-
bustion chamber m and pushes down the piston 70 to
rotate the output shaft 14. Exhaust gas e produced by
combustion is exhausted through the exhaust branch
pipes 58a to 58d, common exhaust pipe 60, and exhaust
pipe 62.
[0047] Referring back to FIG. 1, there are provided an
rpm sensor 85 for detecting rotation speed of the output
shaft 14, and cylinder pressure sensors (not shown) for
detecting pressure inside the main combustion cham-
bers m of the combustion cylinders 56a to 56d, and meas-
urements from all these sensors including the exhaust
gas temperature sensors 84 are sent to the engine con-
troller 90A. An engine output control unit 92 controls the
output of the gas engine 10 and combustion state in the
main combustion chambers m based on the measure-
ments.
[0048] There are also provided an intake gas temper-
ature sensor 87 and an intake gas pressure sensor 88
in the intake pipe 18 between the turbocharger 30 and
the air mixing chamber 20 for detecting the temperature
and pressure of the gas/air mixture d flowing into the
compressor 32 of the turbocharger 30. Measurements
by these sensors are sent to the engine controller 90A.
[0049] In this configuration, a turbocharger controller
94 of the engine controller 90A controls the degree of
opening of the flow rate control valve 66 to adjust the flow
rate of the exhaust gas flowing through the bypass pipe
64. This controls the flow rate of the exhaust gas flowing
through the exhaust pipe 62, which controls the rpm of
the turbine of the turbocharger 30, and controls the flow
rate of the intake gas flowing through the intake pipe 18.
[0050] By thus controlling the flow rate of intake gas
flowing into the turbocharger 30, the excess air ratio λ of
the gas mixture g fed into the combustion chambers is
controlled to a target value.

[0051] The excess air ratio λ is determined as follows:
First, the concentration of gas/air mixture d is calculated
from the measurements of temperature and pressure of
the gas/air mixture d by the intake gas temperature sen-
sor 87 and the intake gas pressure sensor 88. Next, the
flow rate is calculated from the concentration. The flow
rate of CMM gas c flowing through the fuel gas supply
pipe 44 is calculated from the degree of opening of the
flow rate control valve 48. An approximate value λ’ of
excess air ratio is obtained from these flow rate of gas/air
mixture d and the flow rate of CMM gas c thus calculated.
Since the gas/air mixture d includes the VAM gas b and
thus contains methane, an accurate value of excess air
ratio λ cannot be obtained by the above calculation meth-
od. However, since the VAM gas b has an extremely low
methane concentration of, typically, less than 1 wt%, the
gas/air mixture d inside the intake pipe 18 is regarded as
air, and the calculated value λ’ is assumed to be λ (λ’ ≅ λ).
[0052] In FIG. 1, TAir and QAir respectively represent
the temperature and flow rate of air a introduced from
the air inlet pipe 22, TVAM and QVAM respectively repre-
sent the temperature and flow rate of VAM gas b intro-
duced from the VAM gas inlet pipe 24, and TV+A and
QV+A respectively represent the temperature and flow
rate of gas/air mixture d flowing into the turbocharger 30.
Note, QV+A = QAir + QVAM.
[0053] While the temperature of VAM gas b emitted
from the coal mine is typically from 20 to 25°C under
atmospheric pressure, the temperature of gas/air mixture
d flowing through the intake pipe 18 is raised by the com-
pressor 32. The temperature of the fuel gas g supplied
into the main combustion chambers m affects the com-
bustion state of the fuel gas g inside the main combustion
chambers m. There is a possibility of abnormal combus-
tion such as misfire or knock depending on the temper-
ature of the fuel gas g. The temperature of gas/air mixture
d also affects the excess air ratio λ, since the concentra-
tion of the gas/air mixture d varies depending on its tem-
perature.
[0054] Therefore, the temperature of the fuel gas g
supplied into the main combustion chambers m need to
be controlled within a predetermined range, typically from
40 to 45°C. While the gas/air mixture d is cooled by the
intercooler 38 downstream of the turbocharger 30, the
temperature of the gas/air mixture d flowing into the tur-
bocharger 30 needs to be kept in a range of from 20 to
25°C in consideration of performance limitations of the
intercooler 38 and in order to achieve stable control of
the excess air ratio. This intake gas temperature control
procedure will be explained with reference to FIG. 3.
[0055] In this embodiment, the flow rate QV+A of the
gas/air mixture d supplied into the combustion chambers
through the compressor 32 of the turbocharger 30 is con-
trolled by the turbocharger controller 94 to a value with
which a target excess air ratio λ0 can be achieved. The
target excess air ratio λ0 is set to be 2.0, for example, to
reduce the NOX concentration of the exhaust gas e. FIG.
3 is a flowchart showing the procedure of controlling the
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temperature TV+A of the gas/air mixture d to a preset
temperature TSUC (TSUC1 < TSUC < TSUC2) when the tur-
bocharger 30 is being controlled to achieve this target
excess air ratio. TSUC is kept constant in a range of 20°C
to 25°C, for example.
[0056] In FIG. 3, the control starts at step S10, and
when TV+A < TSUC1 at step S12, the process goes to step
S14. When TSUC1 < TVAM at step S14, the intake gas
temperature control unit 96 controls the degrees of open-
ing of the flow rate control valves 26 and 28 to increase
the flow rate of VAM gas QVAM and to reduce the flow
rate of air QAIR. Thereby, the temperature TV+A of gas/air
mixture d is raised to fall within the preset temperature
range. The flow rate QV+A of gas/air mixture d, which is
the sum of the flow rate of VAM gas QVAM and the flow
rate of air QAir, is not changed.
[0057] If not TSUC1 < TVAM at step S14, the process
goes to step S16. If TSUC1 < TAir at step S16, the flow
rate of VAM gas QVAM is reduced and the flow rate of air
QAir is increased. Thereby, the temperature TV+A of
gas/air mixture d is raised to fall within the preset tem-
perature range.
[0058] If not TSUC1 < TAir at step S16, it means that
both the VAM gas temperature TVAM and the air temper-
ature TAir are higher than TSUC1, so that the controller
judges that the temperature of gas/air mixture d cannot
be controlled to be within the preset range. An excess
air ratio correcting unit 98 corrects the target excess air
ratio to a value λ0’ appropriate for the operation when the
temperature of gas/air mixture d is outside a predeter-
mined range (e.g., λ0 = 2.0 + 0.1). The preset flow rate
QSUC of gas/air mixture d is changed such as to achieve
the corrected target excess air ratio λ0’ (QSUC → QSUC+i),
and the turbocharger controller 94 controls the degree
of opening of the flow rate control valve 66 to achieve
the flow rate QSUC+i of gas/air mixture d.
[0059] If not TV+A < TSUC1 at step S12, the process
goes to step S18. If not TSUC2 < TV+A at step S18, it
means that the gas/air mixture temperature TV+A is within
the preset range, so the process returns to step S12. If
TSUC2 < TV+A at step S18, the process goes to step S20.
If TVAM < TSUC2 at step S20, the flow rate QVAM of VAM
gas is increased and the flow rate of air QAir is reduced.
Thereby, the temperature TV+A of gas/air mixture d is
lowered to fall within the preset temperature range.
[0060] If not TVAM < TSUC2 at step S20, the process
goes to step S22. If TAir < TSUC2 at step S22, the flow
rate QVAM of VAM gas is reduced and the flow rate of air
QAir is increased. Thereby, the temperature TV+A of
gas/air mixture d is lowered to fall within the preset range.
[0061] If not TAir < TSUC2 at step S22, it means that
both the VAM gas temperature TVAM and the air temper-
ature TAir are lower than TSUC2, so that the controller
judges that the temperature of gas/air mixture d cannot
be controlled to be within the preset range. The excess
air ratio correcting unit 98 corrects the target excess air
ratio to a value λ0" appropriate for the operation when
the temperature of gas mixture is outside a predeter-

mined range (e.g., λ0" = 2.0 - 0.1). The preset flow rate
QSUC of gas/air mixture d is changed such as to achieve
the corrected target excess air ratio λ0" (QSUC → QSUC-i),
and the turbocharger controller 94 controls the degree
of opening of the flow rate control valve 66 to achieve
the flow rate QSUC-i of gas/air mixture d.
[0062] In this embodiment, the intake gas temperature
control unit 96 controls the temperature TV+A of gas/air
mixture d such that the flow rate QVAM of VAM gas b is
always maximum within a permissible range. This is for
making the maximum use of VAM gas.
[0063] According to this embodiment, VAM gas b emit-
ted from the coal mine is utilized as intake gas of the gas
engine 10, while CMM gas c is utilized as fuel gas of the
gas engine 10, so that emissions of methane, which is
an greenhouse gas, from the coal mine to the atmosphere
can be reduced.
[0064] The excess air ratio λ of fuel gas g supplied to
the combustion cylinders 56a to 56d can be controlled
to a target value by controlling the flow rate of exhaust
gas e bypassing the turbine 34 of the turbocharger 30 by
means of the turbocharger controller 94. Therefore, pro-
duction of NOx and the like in the exhaust gas e is re-
duced, as well as the engine performance can be fully
exploited without the possibility of abnormal combustion
such as knock or the like.
[0065] Since the gas/air mixture d of air a and VAM
gas b is used as intake gas, the supply of intake gas to
the combustion cylinders 56a to 56d can be made stable
by adjusting the amount of supply of air in accordance
with the amount of supply of VAM gas b. Therefore, the
amount of supply of intake gas to the combustion cylin-
ders 56a to 56d can be made stable even though the
amount of VAM gas b varies largely.
[0066] Furthermore, the intake gas temperature is
more easily controllable because it is controlled by intro-
ducing air a into the intake gas. Controlling the intake
gas temperature before it is fed into the turbocharger 30
to be within the range of from 20 to 25°C enables stable
control of excess air ratio by the turbocharger controller
94 and of intake gas temperature by the intercooler 38
disposed downstream of the turbocharger 30. Thus, even
when there are variations in the amount of methane gas,
optimal control of the excess air ratio, and of the temper-
ature of the gas mixture supplied to the combustion
chambers, is achieved speedily and precisely, to main-
tain stable combustion.
[0067] Even if the temperature of gas/air mixture d can-
not be adjusted to be within a preset range despite the
adjustment of mixture ratio of air a and VAM gas b in the
intake pipe 18, the gas engine can still operate without
being hindered, since the excess air ratio correcting unit
98 changes the target excess air ratio to a value appro-
priate for the operation when the temperature of the
gas/air mixture d is outside the predetermined range.
While the target excess air ratio λ, if corrected from 2.0
to 1.9, for example, is more different from the theoretical
value, and therefore may adversely affect the NOX emis-
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sion control performance, it is set to a value that makes
the gas engine controllable, so as to allow the gas engine
to run stably.
[0068] The mixture ratio of air a and VAM gas b is ad-
justed such that the flow rate of VAM gas is maximum
within a range in which the excess air ratio λ can be con-
trolled to a target value and under conditions in which
the gas/air mixture d can be kept in a preset temperature
range. This allows the emission of VAM gas b to atmos-
phere to be maximally reduced, as well as maximum use
of the energy of methane contained in VAM gas b, so
that the consumption rate of CMM gas, which is a high-
concentration methane gas, can be reduced.

(Embodiment 2)

[0069] A second embodiment of the apparatus of the
present invention will be described with reference to FIG.
4 and FIG. 5. This embodiment is an example of control
of the excess air ratio λ to a target value when the tem-
perature of gas/air mixture d is already within the preset
range. FIG. 4 illustrates an engine controller 90B of this
embodiment. The engine controller 90B includes an in-
take gas flow rate control unit 100, instead of the intake
gas temperature control unit 96 and the excess air ratio
λ correcting unit 98 of the engine controller 90A, as com-
pared to the engine controller 90A used in the first em-
bodiment. Other features of the structure of the engine
controller 90B are the same as the engine controller 90A.
The entire configuration other than the engine controller
is also the same as the first embodiment.
[0070] The intake gas flow rate control unit 100 adjusts
the degrees of opening of the flow rate control valves 26
and 28 based on the measurements of the intake gas
temperature sensor 87 and the intake gas pressure sen-
sor 88, thereby adjusting the mixture ratio of air a and
VAM gas b, so that the flow rate of gas/air mixture d
flowing into the turbocharger 30 is adjustable. The pro-
cedure for adjusting the flow rate of gas/air mixture d of
this embodiment will be described below with reference
to FIG. 5.
[0071] FIG. 5 is a flowchart for controlling the flow rate
QV+A of gas/air mixture d to fall within a constant range
(QSUC1 < QSUC < QSUC2). Namely, the flowchart illus-
trates an example of control for maintaining the flow rate
QV+A of gas/air mixture d within a control range with a
lower limit of QSUC1 and an upper limit of QSUC2, which
is for achieving a preset target excess air ratio λ, as well
as for making the flow rate QVAM of VAM gas b to be
maximum available. QVAM2 in the drawing represents a
maximum supply limit of VAM gas b.
[0072] In FIG. 5, the control starts at step S30. If QV+A
< QSUC1 at step S32, the process goes to step S34. If
QVAM < QVAN2 at step S34, the flow rate of VAM gas b
is increased to increase the flow rate of gas/air mixture
d to be within the preset range. If not QVAM < QVAM2, then
the flow rate of VAM gas is reduced to not more than
QVAM2, while the flow rate of air a is increased to increase

the flow rate of gas/air mixture d to fall within the preset
range.
[0073] If not QV+A < QSUC1 at step S32, then the proc-
ess goes to step S36. If not QSUC2 < QV+A at step S36,
it means that the flow rate of the gas/air mixture d is within
the preset range, so the process returns to step S32 and
the same procedure is repeated.
[0074] If QSUC2 < QV+A at step S36, it means that QV+A
is out of the preset range, so the process goes to step
S38. If 0 < QAir at step S38, then the flow rate of air a is
reduced, so that QV+A falls within the preset range. If not
0 < QAir, then the flow rate of VAM gas b is reduced, so
that QV+A falls within the preset range.
[0075] The flow rate of gas/air mixture d on the inlet
side of the turbocharger 30 is maintained within a preset
range in this manner. According to this embodiment, con-
trol of gas/air mixture amount on the inlet side of the tur-
bocharger 30 by the intake gas flow rate control unit 100
allows the turbocharger controller 94 to control the ex-
cess air ratio speedily and precisely. The excess air ratio
can be controlled to remain stable even when there are
variations in the amount of methane gas.

(Embodiment 3)

[0076] Next, a third embodiment of the apparatus of
the present invention will be described with reference to
FIG. 6. In FIG. 6, a fuel gas branch pipe 110 is connected
to the buffer tank 46, and a gas mixer 112 is provided to
the intake pipe 18 between the compressor 32 and the
air mixing chamber 20. The fuel gas branch pipe 110 is
connected to the gas mixer 112, so that part of CMM gas
c is supplied from the gas mixer 112 to the intake pipe
18. A filter 114 and a flow rate control valve 116 are in-
terposed in the fuel gas branch pipe 110. The degree of
opening of the flow rate control valve 116 is controlled
by the engine controller 90A. Other features of the con-
figuration, including the engine controller 90A, are the
same as the previously described first embodiment.
[0077] In the third embodiment, the flow rate control
valves 54a to 54d and the gas mixer 112 constitute the
gas mixing unit.
[0078] In this embodiment, control of the excess air
ratio and temperature control of the gas/air mixture d are
performed by similar operations as in the first embodi-
ment. Part of CMM gas c is supplied to the intake pipe
18 through the fuel gas branch pipe 110.
[0079] As part of CMM gas c is supplied to the intake
pipe 18 in this embodiment, in addition to the advantages
effects of the first embodiment, the flow rate of CMM gas
c supplied from the fuel gas supply pipe 44 to the intake
branch pipes 42a to 42d is reduced. Therefore, the intake
branch pipes 42a to 42d and associated devices such
as flow rate control valves 54a to 54d can be made small
so that they do not require much installation space, which
will lead to an advantage of lower facility cost.
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INDUSTRIAL APPLICABILITY

[0080] The power generating gas engine of the present
invention can reduce greenhouse gas emissions through
effective use of methane gas, and ensure stable com-
bustion with an appropriate excess air ratio.

Claims

1. A gas engine comprising:

a generator (16) coupled to an output shaft (14)
of the engine;
an intake passage (18) to which a low-concen-
tration methane gas derived from mine venting
is supplied;
a gas mixing unit (54a-54d) mixing a high-con-
centration methane gas to the low-concentration
methane gas midway of the intake passage (18),
so that a gas mixture of the low-concentration
methane gas and the high-concentration meth-
ane gas is supplied to and burnt in a combustion
chamber;
a turbocharger (30) provided in the intake pas-
sage (18) upstream of the gas mixing unit (54a-
54d);
an air mixing part (20) provided in the intake pas-
sage (18) upstream of the turbocharger (30) and
mixing air with the low-concentration methane
gas;
a mixture ratio adjusting unit (26,28) adjusting a
mixture ratio of the low-concentration methane
gas and the air in the air mixing part (20);
an intake controller (90A) controlling the mixture
ratio adjusting unit (26,28) to keep the temper-
ature or flow rate of intake gas flowing into the
turbocharger (30) in a predetermined range;
a bypass passage (64) arranged in parallel with
a turbine (34) of the turbocharger (30) that is
disposed in an exhaust passage (62), the by-
pass passage (64) allowing part of exhaust gas
to bypass the turbine (34); an exhaust gas flow
rate control valve (66) controlling flow rate of the
exhaust gas in the bypass passage (64);
a turbocharger controller (94) controlling the ex-
haust gas flow rate control valve (66) to control
operation of the turbocharger (30),
wherein the turbocharger controller (94) controls
flow rate of the intake gas passing through the
turbocharger (30) such that the gas mixture is
supplied to the combustion chamber with a tar-
get excess air ratio; and
wherein the intake controller (94) includes an
intake gas temperature control unit (96), and the
intake gas temperature control unit (96) controls
the mixture ratio adjusting unit (26,28) to adjust
the mixture ratio of the low-concentration meth-

ane gas and the air to keep the intake gas in the
intake passage (18) upstream of the turbocharg-
er (30) in a constant temperature range that al-
lows stable control by the turbocharger control-
ler (94) to achieve the target excess air ratio.

2. The gas engine according to claim 1, further com-
prising a target excess air ratio correcting unit (98)
correcting the target excess air ratio, so that the tar-
get excess air ratio is changed by the target excess
air ratio correcting unit (98) when the intake gas flow-
ing into the turbocharger (30) cannot be controlled
to stay in the constant temperature range despite
the control of the mixture ratio of the low-concentra-
tion methane gas and the air.

3. The gas engine according to claim 1, wherein the
intake controller (90A) includes an intake gas flow
rate control unit (100), and the intake gas flow rate
control unit (100) controls the mixture ratio adjusting
unit to keep the flow rate of the intake gas upstream
of the turbocharger (30) in a constant range that al-
lows stable control by the turbocharger controller
(94) to achieve the target excess air ratio.

4. The gas engine according to any one of claims 1 to
3, wherein the mixture ratio adjusting unit (26,28) is
controlled such that the low-concentration methane
gas is supplied to the air mixing part (20) always with
a maximum permissible flow rate.

5. The gas engine according to any one of claims 1 to
4, configured to allow part of the high-concentration
methane gas to be supplied to the intake passage
(18) upstream of the turbocharger (30) and down-
stream of the air mixing part (20).

Patentansprüche

1. Gasmotor, umfassend:

einen Generator (16), der mit einer Abtriebswel-
le (14) des Motors gekoppelt ist,
einen Ansaugkanal (18), in den ein niedrig-kon-
zentriertes Methangas eingeleitet wird, das aus
der Bergbauentlüftung stammt,
eine Gasmischeinheit (54a-54d), die in der Mitte
des Ansaugkanals (18) ein hoch-konzentriertes
Methangas in das niedrig-konzentrierte Me-
thangas einmischt, so dass ein Gasgemisch aus
dem niedrig-konzentrierten Methangas und
dem hoch-konzentrierten Methangas in eine
Brennkammer eingeleitet und darin verbrannt
wird,
ein Turbolader (30), der in dem Ansaugkanal
(18) stromaufwärts der Gasmischeinheit (54a-
54d) angeordnet ist,
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ein Luftmischteil (20), der in dem Ansaugkanal
(18) stromaufwärts des Turboladers (30) ange-
ordnet ist und Luft mit dem niedrig-konzentrier-
ten Methangas mischt,
eine Mischungsverhältniseinstelleinheit (26,
28), die ein Mischungsverhältnis des niedrig-
konzentrierten Methangases und der Luft in
dem Luftmischteil (20) einstellt,
eine Ansaugsteuereinheit (90A), die die
Mischungsverhältniseinstelleinheit (26, 28) ver-
anlasst, die Temperatur oder Strömungsrate
von Ansauggas, das in den Turbolader (30)
strömt, in einem zuvor festgelegten Bereich zu
halten,
einen Umgehungskanal (64), der parallel zu ei-
ner Turbine (34) des Turboladers (30) angeord-
net ist, die in einem Auslasskanal (62) angeord-
net ist, wobei der Umgehungskanal (64) es er-
laubt, dass ein Teil des Abgases die Turbine (34)
umgehen kann, wobei ein Abgasströmungsra-
tensteuerventil (66) die Strömungsrate des Ab-
gases in dem Umgehungskanal (64) steuert,
eine Turbolader-Steuereinheit (94), die das Ab-
gasströmungsratensteuerventil (66) steuert, um
den Betrieb des Turboladers (30) zu steuern,
wobei die Turbolader-Steuereinheit (94) die
Strömungsrate des durch den Turbolader (30)
strömenden Ansauggases dergestalt steuert,
dass das Gasgemisch mit einem Ziel-Luftüber-
schussverhältnis in die Brennkammer eingelei-
tet wird, und
wobei die Ansaugsteuereinheit (94) eine An-
sauggastemperatursteuereinheit (96) enthält,
und die Ansauggastemperatursteuereinheit
(96) die Mischungsverhältniseinstelleinheit (26,
28) steuert, um das Mischungsverhältnis des
niedrig-konzentrierten Methangases und der
Luft einzustellen, um das Ansauggas in dem An-
saugkanal (18) stromaufwärts des Turboladers
(30) in einem konstanten Temperaturbereich zu
halten, der eine stabile Steuerung durch die Tur-
bolader-Steuereinheit (94) erlaubt, um das Ziel-
Luftüberschussverhältnis zu erreichen.

2. Gasmotor nach Anspruch 1, der des Weiteren eine
Ziel-Luftüberschussverhältniskorrektureinheit (98)
umfasst, die das Ziel-Luftüberschussverhältnis so
korrigiert, dass das Ziel-Luftüberschussverhältnis
durch die Ziel-Luftüberschussverhältniskorrektur-
einheit (98) geändert wird, wenn das in den Turbo-
lader (30) strömende Ansauggas trotz der Steue-
rung des Mischungsverhältnisses des niedrig-kon-
zentrierten Methangases und der Luft nicht so ge-
steuert werden kann, dass es in dem konstanten
Temperaturbereich bleibt.

3. Gasmotor nach Anspruch 1, wobei die Ansaugsteu-
ereinheit (90A) eine Ansauggas-Strömungsraten-

steuereinheit (100) enthält, und die Ansauggas-Strö-
mungsratensteuereinheit (100) die Mischungsver-
hältniseinstelleinheit veranlasst, die Strömungsrate
des Ansauggases stromaufwärts des Turboladers
(30) in einem konstanten Bereich zu halten, der eine
stabile Steuerung durch die Turbolader-Steuerein-
heit (94) erlaubt, um das Ziel-Luftüberschussverhält-
nis zu erreichen.

4. Gasmotor nach einem der Ansprüche 1 bis 3, wobei
die Mischungsverhältniseinstelleinheit (26, 28) so
gesteuert wird, dass das niedrig-konzentrierte Me-
thangas dem Luftmischteil (20) immer mit einer ma-
ximal zulässigen Strömungsrate zugeführt wird.

5. Gasmotor nach einem der Ansprüche 1 bis 4, der
dafür konfiguriert ist, es zu ermöglichen, dass ein
Teil des hoch-konzentrierten Methangases dem An-
saugkanal (18) stromaufwärts des Turboladers (30)
und stromabwärts des Luftmischteils (20) zugeführt
wird.

Revendications

1. Moteur à gaz comprenant :

un générateur (16) relié à un arbre de sortie (14)
du moteur ;
un passage d’admission (18) auquel du métha-
ne à faible concentration dérivé d’une aération
de mine est fourni ;
une unité de mélange de gaz (54a-54d) qui mé-
lange un méthane à forte concentration avec le
méthane à faible concentration à mi-chemin du
passage d’admission (18), de sorte qu’un mé-
lange gazeux du méthane à faible concentration
et du méthane à forte concentration soit fourni
à et brûlé dans une chambre de combustion ;
un turbocompresseur (30) prévu dans le passa-
ge d’admission (18) en amont de l’unité de mé-
lange de gaz (54a-54d) ;
une partie de mélange d’air (20) prévue dans le
passage d’admission (18) en amont du turbo-
compresseur (30) et qui mélange l’air avec le
méthane à faible concentration ;
une unité d’ajustement de rapport de mélange
(26, 28) qui ajuste un rapport de mélange du
méthane à faible concentration avec l’air dans
la partie de mélange d’air (20) ;
un régulateur d’admission (90A) qui contrôle
l’unité d’ajustement de rapport de mélange (26,
28) afin de maintenir la température ou le débit
du gaz d’admission qui circule dans le turbo-
compresseur (30) dans des limites
prédéterminées ;
un passage de dérivation (64) prévu parallèle-
ment à une turbine (34) du turbocompresseur
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(30) qui est disposé dans un passage d’échap-
pement (62), le passage de dérivation (64) per-
mettant à une partie du gaz d’échappement de
contourner la turbine (34) ; une soupape de
commande de débit de gaz d’échappement (66)
qui régule le débit du gaz d’échappement dans
le passage de dérivation (64) ;
un régulateur de turbocompresseur (94) qui
contrôle la soupape de commande de débit de
gaz d’échappement (66) afin de contrôler le
fonctionnement du turbocompresseur (30),
dans lequel le régulateur de turbocompresseur
(94) contrôle le débit du gaz d’admission qui
passe par le turbocompresseur (30) de sorte
que le mélange gazeux soit fourni à la chambre
de combustion avec un rapport d’excédent d’air
cible ; et
dans lequel le régulateur d’admission (94) com-
prend une unité de régulation de température
de gaz d’admission (96), et l’unité de régulation
de température de gaz d’admission (96) contrô-
le l’unité d’ajustement de rapport de mélange
(26, 28) afin d’ajuster le rapport de mélange du
méthane à faible concentration et de l’air afin de
maintenir le gaz d’admission dans le passage
d’admission (18) en amont du turbocompres-
seur (30) dans des limites de température cons-
tantes qui permettent un contrôle stable par le
régulateur de turbocompresseur (94) de façon
à atteindre le rapport d’excédent d’air cible.

2. Moteur à gaz selon la revendication 1, comprenant
en outre une unité de correction de rapport d’excé-
dent d’air cible (98) qui corrige le rapport d’excédent
d’air cible, de sorte que le rapport d’excédent d’air
cible soit modifié par l’unité de correction de rapport
d’excédent d’air cible (98) lorsque le gaz d’admission
qui circule dans le turbocompresseur (30) ne peut
pas être régulé afin de rester dans les limites de tem-
pérature constantes malgré la régulation du rapport
de mélange du méthane à faible concentration et de
l’air.

3. Moteur à gaz selon la revendication 1, dans lequel
le régulateur d’admission (90A) comprend une unité
de régulation de débit de gaz d’admission (100), et
l’unité de régulation de débit de gaz d’admission
(100) contrôle l’unité d’ajustement de rapport de mé-
lange afin de maintenir le débit du gaz d’admission
en amont du turbocompresseur (30) dans des limites
constantes qui permettent une régulation stable par
le régulateur de turbocompresseur (94) de façon à
atteindre le rapport d’excédent d’air cible.

4. Moteur à gaz selon l’une quelconque des revendi-
cations 1 à 3, dans lequel l’unité d’ajustement de
rapport de mélange (26, 28) est contrôlée de sorte
que le méthane à faible concentration soit fourni à

la partie de mélange d’air (20) toujours avec un débit
maximal autorisé.

5. Moteur à gaz selon l’une quelconque des revendi-
cations 1 à 4, configuré pour permettre à une partie
du méthane à forte concentration d’être fournie au
passage d’admission (18) en amont du turbocom-
presseur (30) et en aval de la partie de mélange d’air
(20).
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